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Stimulated by the newly observed Λb(6146)
0 and Λb(6152)
0 resonances, we investigate the strong decays of
the low-lying singly bottom baryons within the quark pair creation model. Considering their masses and decay
modes, we tentatively assign these states as the λ− mode Λb(2S ), Λb(1D), Σb(2S ), and Σb(1P) states, and then
estimate their strong decay widths. Compared with the experimental total widths and decay modes measured
by the LHCb Collaboration, the Λb(6146)
0 and Λb(6152)
0 can be reasonably clarified into the JP = 5/2+ and
JP = 3/2+ Λb(1D) sates respectively, while other canonical assignments are disfavored. Other low-lying bottom
states are also presented, where various narrow states may have good potential to be observed in future LHCb
experiments.
PACS numbers:
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I. INTRODUCTION
Very recently, the LHCb Collaboration reported the dis-
covery of two new singly bottom baryons Λb(6146)
0 and
Λb(6152)
0 in the Λ0
b
pi+pi− invariant mass distribution [1].
Their measured masses and widths are listed as follows,
m[Λb(6146)
0] = 6146.17± 0.33 ± 0.22 ± 0.16 MeV, (1)
Γ[Λb(6146)
0] = 2.9 ± 1.3 ± 0.3 MeV, (2)
m[Λb(6152)
0] = 6152.51± 0.26 ± 0.22 ± 0.16 MeV, (3)
Γ[Λb(6152)
0] = 2.1 ± 0.8 ± 0.3 MeV, (4)
where the mass gap between these two states are only about 6
MeV. Compared with the masses predicted by the constituent
quark model [2–6], the LHCb Collaboration suggested that
these two states can be assigned as the 1D doublet of the Λ0
b
states [1].
A singly bottom baryon without strange quark is com-
posed of one bottom quark and two light quarks. These bot-
tom baryons can be categorized into the Λb and Σb families,
which belong to the antisymmetric flavor configuration 3¯F
and symmetric flavor configuration 6F , respectively. From
the Review of Particle Physics [7], there exist six Λb and Σb
baryons, Λb(5620), Λb(5912), Λb(5920), Σb(5811), Σ
∗
b
(5830),
and Σb(6097). The Λb(5620), Σb(5811), and Σ
∗
b
(5830) are
the S−wave ground states undoubtedly. The Λb(5912) and
Λb(5920) can be well established as the two λ−mode P−wave
Λb states by various theoretical studies [2–6, 8–12]. Under the
canonical interpretation, the mass and strong decay behaviors
indicate that Σb(6097) can be categorized into the λ−mode
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P−wave Σb states in the literature [13–18]. Due to lack of
more experimental information, the spectra of these low-lying
bottom baryons have not been established so far [19–23].
Although the LHCb Collaboration suggested that these two
states seem to be the Λb(1D) doublet, other interpretations
are possible. In fact, because these two states are observed
in the Λ0
b
pi+pi− final states, they probably correspond to the
neutral excited Σb states [1]. Hence, the newly observed two
states have the potential to be the Σb(6146)
0 and Σb(6152)
0
resonances, and we also need to examine this I = 1 case.
Moreover, the constituent quark model may have significant
uncertainties on the mass spectrum, and just perform the mass
pattern of these canonical baryon states. Considering the mass
uncertainties predicted by the quark model, we find that these
two resonances lie in the mass region of the predicted λ−
mode Λb(2S ), Λb(1D), Σb(2S ), and Σb(1P) states. To clar-
ify their nature, the strong decays of the these assignments
should be examined carefully.
The studies on these low-lying bottom baryons can help us
to understand the nature of these two newly observed reso-
nances and establish the bottom baryon spectrum. Before this
discovery by the LHCb Collaboration, the strong decays of the
low-lying bottom baryons have been investigated by several
works. However, due to the lack of the experimental informa-
tion, the choices of parameters may be ambiguous and the pre-
dictions of these different works do not agree with each other.
Hence, it is essential to investigate the strong decays of these
low-lying bottom baryons within the unified model and coin-
cident parameters. In this issue, we calculate the strong decay
behaviors of these states within the 3P0 model systematically.
Our results shows that the Λb(6146)
0 and Λb(6152)
0 can be
assigned as theΛb(1D) doublet reasonably, while other canon-
ical assignments are disfavored. The predictions of other low-
lying bottom states may provide helpful information for future
experimental searches.
This paper is organized as follows. The 3P0 model and no-
tations are introduced in Sec. II. The strong decays of the low-
lying bottom baryons are estimated in Sec. III. A short sum-
mary is presented in the last section.
2II. 3P0 MODEL
In this calculation, the 3P0 quark pair creation model is
adopted to investigate the Okubo-Zweig-Iizuka-allowed two-
body strong decays of the excited Λb and Σb states. The
3P0
model has been widely employed to estimate the strong decay
behaviors of conventional hadrons and achieved with consid-
erable successes [24–42]. In this model, the initial hadrons
can decay into two final states via a quark-antiquark pair
with the vacuum quantum number JPC = 0++ [24]. For the
baryons, the transition operator T of the decay A → BC can
be written as [30, 33]
T = −3γ
∑
m
〈1m1 − m|00〉
∫
d3p4d
3p5δ
3(p4 + p5)
×Ym1
(
p4 − p5
2
)
χ451,−mφ
45
0 ω
45
0 b
†
4i
(p4)d
†
4 j
(p5), (5)
where γ is a dimensionless constant reflecting the q4q¯5 pair-
production strength, and p4 and p5 are the momenta of the
created quark q4 and antiquark q¯5, respectively. The solid har-
monic polynomial Ym
1
(p) ≡ |p|Ym
1
(θp, φp) stands the P−wave
momentum-space distribution of the created quark pair. φ45
0
=
(uu¯ + dd¯ + ss¯)/
√
3, ω45 = δi j, and χ
45
1,−m are the flavor sin-
glet, color singlet, and spin triplet wave functions of the q4q¯5,
respectively. The b
†
4i
(p4)d
†
4 j
(p5) corresponds to the creation
operators of the created quark and antiquark, where the i and
j are the color indices.
For the relevant hadrons, the definition of the mock states
should be adopted. Take the initial baryon A as an example,
the total wave function can be expressed as [43]
|A(n2S A+1
A
LA JA MJA )(PA)〉 ≡√
2EA
∑
MLA ,MS A
〈LA MLA S AMS A |JAMJA〉
∫
d3p1d
3p2d
3p3
×δ3(p1 + p2 + p3 − PA)ψnALA MLA (p1,p2,p3)χ123S A MS Aφ
123
A ω
123
A
× |q1(p1)q2(p2)q3(p3)〉 , (6)
which satisfies the normalization condition
〈A(PA)|A(P ′A)〉 = 2EAδ3(PA − P ′A). (7)
Here, the PA, p1, p2, and p3 are the momenta of the A, q1,
q2, and q3, respectively. EA is the total energy of the baryon
A. χ123
S A MS A
, φ123
A
, ω123
A
, ψnALA MLA (p1,p2,p3) are the spin, flavor,
color, and space wave functions of the baryon A, respectively.
The definitions of the mock states B and C are similar to that
of initial state A, and can be found in Ref. [30].
For the decay of the singly bottom baryon A, there are three
possible rearrangements,
A(q1, q2, b3) + P(q4, q¯5) → B(q2, q4, b3) +C(q1, q¯5), (8)
A(q1, q2, b3) + P(q4, q¯5) → B(q1, q4, b3) +C(q2, q¯5), (9)
A(q1, q2, b3) + P(q4, q¯5) → B(q1, q2, q4) +C(b3, q¯5), (10)
where the qi and b3 denote the light quark and bottom quark,
respectively. These three ways of recouplings are also shown
in Figure 1. It can be seen that the first and second cases stand
for the heavy baryon plus the light meson decay modes, while
the last one corresponds to the light baryon plus the heavy-
light meson final states. In our present calculations, the light
baryon plus the heavy-light meson decay mode do not exist
due to the phase space constraint.
The S matrix is defined as
〈 f |S |i〉 = I − i2piδ(E f − Ei)MMJA MJB MJC , (11)
where the MMJA MJB MJC corresponds to the helicity amplitude
of the decay process A → B + C. Given the A(q1, q2, b3) +
P(q4, q¯5) → B(q1, q4, b3) + C(q2, q¯5) shown in Fig. 1(b), the
helicity amplitudeMMJA MJB MJC can be expressed as [30, 32],
δ3(pB + pC − pA)MMJA MJB MJC =
−γ
√
8EAEBEC
∑
MρA
∑
MLA
∑
MρB
∑
MLB
∑
MS 1 ,MS 3 ,MS 4 ,m
×〈 jAM jA S 3MS 3 |JAMJA〉〈LρA MLρA LλA MLλA |LAMLA 〉
×〈LAMLA S 12MS 12 | jAM jA〉〈S 1MS 1S 2MS 2 |S 12MS 12〉
×〈 jBM jB S 3MS 3 |JBMJB〉〈LρB MLρB LλB MLλB |LBMLB 〉
×〈LBMLB S 14MS 14 | jBM jB〉〈S 1MS 1S 4MS 4 |S 14MS 14〉
×〈1m1 − m|00〉〈S 4MS 4S 5MS 5 |1 − m〉
×〈LC MLC S C MS C |JC MJC 〉〈S 2MS 2S 5MS 5 |S C MS C 〉
×〈φ143B φ25C |φ123A φ450 〉I
MLA m
MLB MLC
(p), (12)
where 〈φ143
B
φ25
C
|φ123
A
φ45
0
〉 is the overlap of the flavor wavefunc-
tions, and the I
MLA m
MLB MLC
(p) is the spatial overlap of the initial
and final states. Here, the I
MLA m
MLB MLC
(p) can be written as
I
MLA m
MLB MLC
(p) =
∫
d3p1d
3p2d
3p3d
3p4d
3p5
×δ3(p1 + p2 + p3 − PA)δ3(p4 + p5)
×δ3(p1 + p4 + p3 − PB)δ3(p2 + p5 − PC)
×ψ∗B(p1,p4,p3)ψ∗C(p2,p5)
×ψA(p1,p2,p3)Ym1
(
p4 − p5
2
)
. (13)
It should be noted that the I
MLA m
MLB MLC
(p) does not only depend on
the magnetic quantum numbers, but also relies on the radial
and orbital quantum numbers of the relevant hadrons that are
usually omitted for simplicity in the literature.
In this work, the simplest vertex with a spatially constant
pair production strength γ, the relativistic phase space, and
the simple harmonic oscillator wave functions are used as in
Ref. [24]. Then, the decay width Γ(A → BC) can be calcu-
lated straightforward
Γ = pi2
p
M2
A
s
2JA + 1
∑
MJA ,MJB ,MJC
|MMJA MJB MJC |2, (14)
where p = |p| =
√
[M2
A
−(MB+MC )2][M2A−(MB−MC )2]
2MA
is the momen-
tum of the final hadrons. The statistical factor s = 1/(1+ δBC)
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FIG. 1: The baryon decay process A → B +C in the 3P0 model.
is needed only if B and C are identical particles, and always
equals to one in present work.
In our calculation, we take the same notations of Λb and
Σb baryons as those in Ref. [19]. The explicit notations of
relevant excited bottom baryons together with the predicted
masses [5] are listed in Table I. For the masses of initial
Λb(2S ), Λb(1D), Σb(2S ), and Σb(1P) states, we first adopt the
masses of Λb(6146)
0 [Σb(6146)
0] and Λb(6152)
0 [Σb(6152)
0]
from LHCb experimental data by assuming that they are
possible candidates. If the possible assignment for the
Λb(6146)
0 [Σb(6146)
0] orΛb(6152)
0 [Σb(6152)
0] is finally ex-
cluded via decay width, the predicted mass of this state is em-
ployed to recalculate its strong decay behaviors. For the final
ground states, the masses are taken from the Review of Par-
ticle Physics [7]. For the harmonic oscillator parameter of pi
meson, the effective value R = 2.5 GeV−1 is employed [38].
For the baryon parameters, we use αρ = 400 MeV and
αλ =
(
3mQ
2mq + mQ
) 1
4
αρ, (15)
where the mQ and mq are the heavy and light quark masses,
respectively [41, 44]. The mu/d = 220 MeV and mb =
4.977 MeV are introduced to explicitly consider the mass dif-
ferences between light and bottom quark [2, 38, 45]. The
overall parameter γ, can be determined by the well estab-
lished Σc(2520)
++ → Λcpi+ process. The γ = 9.83 is ob-
tained by reproducing the width Γ[Σc(2520)
++ → Λcpi+] =
14.78 MeV [7, 41]. With these parameters, the calculated de-
cay widths of the ground states Σb and Σ
∗
b
to Λbpi are shown in
Table II, which agree with the experimental data well.
III. STRONG DECAY
A. Λb(2S ) state
In the conventional quark model, only one λ−mode Λb(2S )
state exists. From Table I, the predicted mass of Λb(2S ) state
within the relativistic quark model is about 6089 MeV. Con-
sidering the uncertainties of different quark models, it is pos-
sible to assign the newly observedΛb(6146)
0 or Λb(6152)
0 as
the Λb(2S ) state. The strong decay behaviors of the Λb(2S )
assignments are listed in Table III. It is shown that the to-
tal decay widths of the Λb(6146)
0 and Λb(6152)
0 as Λb(2S )
state are 28.23 MeV and 30.28 MeV, respectively. Compared
with the experimental total widths 2.9 ± 1.3 ± 0.3 MeV and
2.1 ± 0.8 ± 0.3 MeV measured by LHCb Collaboration, both
assignments can be excluded.
From the heavy quark flavor symmetry, the mass gap be-
tween Λb(2S ) and Λb should be similar with the charmed
baryon case, that is
m[Λb(2S )] − m[Λb] ≈ m[Λc(2S )] − m[Λc] = 480 MeV. (16)
Hence, the mass of Λb(2S ) is about 6100 MeV, which is con-
sistent with the quark model prediction. The strong decays of
Λb(2S ) with a mass of 6089 MeV are presented in Table IV.
It can be seen that Λb(2S ) state is relatively narrow due to
the small phase space. The partial decay width ratios of the
Λb(2S ) state are predicted to be
Γ[Σbpi] : Γ[Σ
∗
bpi] = 0.70, (17)
which is independent with the overall parameter γ in the 3P0
model. For the total decay width of Λb(2S ), our result is
about three times smaller than that of Ref. [13]. However, our
predicted branching ratios agree with the results of Ref [13],
which can provide useful information to search for theΛb(2S )
in future experiments.
B. Λb(1D) states
There are twoΛb(1D) states in the constituent quark model,
which form a doublet. From Table I, the predicted masses of
the two Λb(1D) states are 6190 MeV and 6196 MeV, respec-
tively. The predicted masses and small mass splitting sug-
gest that the Λb(6146)
0 and Λb(6152)
0 are good candidates
of this Λb(1D) doublet. Although the predicted mass of the
JP = 3/2+ state is slightly smaller than that of the JP = 5/2+
state with a normal mass order, the inversed mass order case
is also possible physically. Hence, we consider both cases
to fully examine the possible assignments. Their strong de-
cays of the Λb(1D) assignments are shown in Table V. The
predicted total decay widths of these assignments are several
MeV, which indicate the two Λb(1D) states are both narrow
states. The strong decays of these Λb(1D) states are also in-
vestigated within the chiral quark model [46], which are con-
sistent with our present results. Compared with the experi-
mental data, our theoretical results seem to be larger. How-
4TABLE I: Notations, quantum numbers, and the predicted masses of the relevant excited singly bottom baryons. For the spatial 2S excited
states, the symbol 2S are added in the brackets. The nρ and Lρ stand for the radial and orbital angular momenta between the two light quarks,
respectively, while nλ and Lλ denote the radial and angular momenta between the two light quark system and the bottom quark, respectively. L
is the total orbital angular momentum, S ρ is the total spin of the light quarks, j is total angular momentum of L and S ρ, J is the total angular
momentum, and P corresponds to the parity of the hadron. The predicted masses of these excited states are taken from the relativistic quark
model [5]. The units are in MeV.
State nρ Lρ nλ Lλ L S ρ j J
P Mass [5]
Λb(2S ) 0 0 1 0 0 0 0
1
2
+
6089
Λb2(
3
2
+
) 0 0 0 2 2 0 2 3
2
+
6190
Λb2(
5
2
+
) 0 0 0 2 2 0 2 5
2
+
6196
Σb(2S ) 0 0 1 0 0 1 1
1
2
+
6213
Σ
∗
b
(2S ) 0 0 1 0 0 1 1 3
2
+
6226
Σb0(
1
2
−
) 0 0 0 1 1 1 0 1
2
−
6101
Σb1(
1
2
−
) 0 0 0 1 1 1 1 1
2
−
6095
Σb1(
3
2
−
) 0 0 0 1 1 1 1 3
2
−
6096
Σb2(
3
2
−
) 0 0 0 1 1 1 2 3
2
−
6087
Σb2(
5
2
−
) 0 0 0 1 1 1 2 5
2
−
6084
TABLE II: Strong decays of the ground states Σb and Σ
∗
b
to Λbpi to-
gether with experimental data in MeV.
Mode Σ+
b
Σ
−
b
Σ
∗+
b
Σ
∗−
b
Λbpi 5.08 6.11 9.71 10.99
Experiments 5.0 ± 0.5 5.3 ± 0.5 9.4 ± 0.5 10.4 ± 0.8
TABLE III: Strong decays of theΛb(6146)
0 andΛb(6152)
0 asΛb(2S )
states in MeV.
Decay Λb(2S )
Mode Λb(6146)
0
Λb(6152)
0
Σ
+
b
pi− 3.69 3.94
Σ
0
b
pi0 3.75 3.99
Σ
−
b
pi+ 3.52 3.77
Σ
∗+
b
pi− 5.79 6.23
Σ
∗0
b
pi0 5.9 6.34
Σ
∗−
b
pi+ 5.58 6.01
Total width 28.23 30.28
Experiments 2.9 ± 1.3 ± 0.3 2.1 ± 0.8 ± 0.3
ever, considering the uncertainties of the 3P0 model and ex-
TABLE IV: Strong decays of the Λb(2S ) state with a mass of 6089
MeV.
Mode Λb(2S )
Σ
+
b
pi− 1.75
Σ
0
b
pi0 1.80
Σ
−
b
pi+ 1.64
Σ
∗+
b
pi− 2.47
Σ
∗0
b
pi0 2.56
Σ
∗−
b
pi+ 2.34
Total width 12.56
periments, these assignments are acceptable.
Two factors in the quark pair creation model can affect the
calculated total decay widths: one is the harmonic oscillator
parameter αρ, and the other is the overall strength γ. The de-
pendence on the harmonic oscillator parameter αρ of the ini-
tial states is shown in Fig. 2. When the αρ increases, the to-
tal decay widths decrease in a wide parameter range and the
total decay widths remain to be several MeV. Within the rea-
sonable range of the parameter αρ, our results suggest that
the Λb(6146)
0 and Λb(6152)
0 can be clarified into the Λb(1D)
doublet.
The uncertainties arising from quark pair creation strength
γ can be eliminated if we only concentrate on the branching
5SbΠ
Sb
*Π
Total
LbH6146L with J P=32+
300 350 400 450 5000
2
4
6
8
10
ΑΡ HMeVL
W
id
th
HM
eV
L
SbΠ
Sb
*Π
Total
LbH6146L with J P=52+
300 350 400 450 5000
2
4
6
8
10
ΑΡ HMeVL
W
id
th
HM
eV
L
SbΠ
Sb
*Π
Total
LbH6152L with J P=32+
300 350 400 450 5000
2
4
6
8
10
ΑΡ HMeVL
W
id
th
HM
eV
L
SbΠ
Sb
*Π
Total
LbH6152L with J P=52+
300 350 400 450 5000
2
4
6
8
10
ΑΡ HMeVL
W
id
th
HM
eV
L
FIG. 2: The dependence on the harmonic oscillator parameter αρ of the initial states. The green bands stand for the measured total decay
widths with errors.
ratios of Σbpi and Σ
∗
b
pi channels. Since Λb2(
3
2
+
) and Λb2(
5
2
+
)
belong to the same j = 2 doublet, the heavy quark spin sym-
metry suggest that they may have the similar properties, such
as masses and total decay widths. The ratios between Σbpi and
Σ
∗
b
pi channels decay modes may help us to distinguish these
two states. For the JP = 3/2+ state, the partial decay width
ratios are predicted to be
Γ[Λb(6146)
0 → Σbpi] : Γ[Λb(6146)0 → Σ∗bpi] = 6.14, (18)
Γ[Λb(6152)
0 → Σbpi] : Γ[Λb(6152)0 → Σ∗bpi] = 6.07. (19)
For the JP = 5/2+ state, the partial decay width ratios are
predicted to be
Γ[Λb(6146)
0 → Σbpi] : Γ[Λb(6146)0 → Σ∗bpi] = 6 × 10−3,(20)
Γ[Λb(6152)
0 → Σbpi] : Γ[Λb(6152)0 → Σ∗bpi] = 6 × 10−3.(21)
It can be seen that the branching ratio of Σbpi channel is
rather small for the JP = 5/2+ state, which may be hardly
seen in experiments. Experimentally, Λb(6146)
0 → Σ∗
b
pi,
Λb(6152)
0 → Σbpi, and Λb(6152)0 → Σ∗bpi processes have
been clearly visible, while the Λb(6146)
0 → Σbpi mode is
no significant evidence [1]. This suggests that Λb(6146)
0 and
Λb(6152)
0 may favor the JP = 5/2+ and JP = 3/2+ states, re-
spectively. More information on masses, partial decay widths,
and spins are needed to test our present assignments.
6TABLE V: Strong decays of the Λb(6146)
0 and Λb(6152)
0 asΛb(1D)
states in MeV.
Decay Λb2(
3
2
+
) Λb2(
5
2
+
)
Mode Λb(6146)
0
Λb(6152)
0
Λb(6146)
0
Λb(6152)
0
Σ
+
b
pi− 1.79 1.91 0.01 0.01
Σ
0
b
pi0 1.82 1.94 0.01 0.01
Σ
−
b
pi+ 1.70 1.82 0.01 0.01
Σ
∗+
b
pi− 0.29 0.31 1.68 1.81
Σ
∗0
b
pi0 0.30 0.32 1.72 1.85
Σ
∗−
b
pi+ 0.28 0.30 1.62 1.75
Total width 6.17 6.60 5.05 5.44
Experiments 2.9±1.3±0.3 2.1±0.8±0.3 2.9±1.3±0.3 2.1±0.8±0.3
TABLE VI: Strong decays of the Σb(6146) and Σb(6152) as Σb(2S )
and Σ∗
b
(2S ) states in MeV.
Decay Σb(2S ) Σ
∗
b
(2S )
Mode Σb(6146) Σb(6152) Σb(6146) Σb(6152)
Λbpi 13.55 13.85 13.55 13.85
Σbpi 9.92 10.57 2.48 2.64
Σ
∗
b
pi 3.90 4.19 9.75 10.48
Total width 27.37 28.62 25.78 26.98
Experiments 2.9±1.3±0.3 2.1±0.8±0.3 2.9±1.3±0.3 2.1±0.8±0.3
C. Σb(2S ) states
From Table I, the predicted masses of Σb(2S ) and Σ
∗
b
(2S )
are 6213 MeV and 6226 MeV, respectively. By assuming
the two resonances are Σb states, the strong decays are cal-
culated and listed in Table VI. Compared with experimental
data, these assignments can be excluded.
With the predicted masses of Σb(2S ) and Σ
∗
b
(2S ), their
strong decays are presented in Table VII. Our results show
that the masses and total decay widths of Σb(2S ) and Σ
∗
b
(2S )
states are similar. For the Σb(2S ) state, the branching ratios
are
Br(Λbpi,Σbpi,Σ
∗
bpi) = 39%, 43%, 18%. (22)
For the Σ∗
b
(2S ) state, the branching ratios are
Br(Λbpi,Σbpi,Σ
∗
bpi) = 39%, 12%, 49%. (23)
These branching ratios are independent with the overall con-
stant γ and can be adopted to distinguish these two states.
Also, our predicted total widths of Σb(2S ) and Σ
∗
b
(2S ) states
are smaller than that of Ref. [13], while the branching ratios
are similar.
TABLE VII: Strong decays of the Σb(2S ) and Σ
∗
b
(2S ) states with pre-
dicted masses.
Mode Σb(2S ) Σ
∗
b
(2S )
Λbpi 16.50 16.94
Σbpi 18.29 5.03
Σ
∗
b
pi 7.74 21.53
Total width 42.53 43.50
D. Σb(1P) states
There are five λ−mode Σb(1P) states, denoted as Σb0( 12
−
),
Σb1(
1
2
−
), Σb1(
3
2
−
), Σb2(
3
2
−
), and Σb2(
5
2
−
), respectively. The
strong decays of Σb(6146) and Σb(6152) as these states are
listed in Table VIII. It can be seen that the Σb(6146) and
Σb(6152) as pure Σb(1P) assignments can be excluded.
In the literature, the Σb(6097) observed by LHCb Collabo-
ration [47] are clarified into the Σb(1P) states [13–18]. Here,
we present the our calculations of Σb(6097) as Σb(1P) states
in the Table IX. Our results do not favor the Σb(6097) as the
pure Σb(1P) states. However, the Σb(6097) may correspond to
the mixing state of Σb1(
3
2
−
) and Σb2(
3
2
−
) states.
For completeness, we investigate the possibilities of
Σb(6146), Σb(6152) and Σb(6097) as the P−wave mixing
states. The physical states can be the mixing of the quark
model states with the same JP, that is
( |P 1/2−〉1
|P 1/2−〉2
)
=
(
cos θ sin θ
− sin θ cos θ
) ( |1/2−, j = 0〉
|1/2−, j = 1〉
)
, (24)
( |P 3/2−〉1
|P 3/2−〉2
)
=
(
cos θ sin θ
− sin θ cos θ
) ( |3/2−, j = 1〉
|3/2−, j = 2〉
)
. (25)
In the heavy quark limit, the mixing angle should equal to
zero. Given the finite mass of bottom quark, the mixing angle
may have small divergence between the physical states and the
j − j coupling scheme to approximately preserve the heavy
quark symmetry. The total decay widths of various assign-
ments versus the mixing angle θ in the range −30◦ ∼ 30◦
are plotted in Figure 3. It is shown that the Σb(6146) and
Σb(6152) as the Σb(1P) states can be fully excluded. With
the mixing angle θ  17◦, the Σb(6097) can be interpreted
as the JP = 3/2− mixing state, where the j = 2 component
dominate. This assignment also agrees with other theoretical
works [13–18]. The the branching ratios are
Br(Λbpi,Σbpi,Σ
∗
bpi) = 35.0%, 3.5%, 61.5%, (26)
which are independent with the overall parameter γ and can
be tested by the future experiments.
7TABLE VIII: Decay widths of the Σb(6146) and Σb(6152) as Σb(1P) states in MeV.
Decay Σb0(
1
2
−
) Σb1(
1
2
−
) Σb1(
3
2
−
) Σb2(
3
2
−
) Σb2(
5
2
−
)
Mode Σb(6146) Σb(6152) Σb(6146) Σb(6152) Σb(6146) Σb(6152) Σb(6146) Σb(6152) Σb(6146) Σb(6152)
Λbpi 247.60 245.01 − − − − 19.21 20.34 19.21 20.34
Σbpi − − 294.79 300.33 1.23 1.37 2.20 2.47 0.98 1.10
Σ
∗
b
pi − − 1.62 1.83 274.59 281.07 1.45 1.65 2.26 2.56
Total 247.60 245.01 296.41 302.16 275.81 282.44 22.87 24.46 22.45 24.00
Experiments 2.9±1.3±0.3 2.1±0.8±0.3 2.9±1.3±0.3 2.1±0.8±0.3 2.9±1.3±0.3 2.1±0.8±0.3 2.9±1.3±0.3 2.1±0.8±0.3 2.9±1.3±0.3 2.1±0.8±0.3
TABLE IX: Decay widths of the Σb(6097) as Σb(1P) states in MeV.
Mode Σb0(
1
2
−
) Σb1(
1
2
−
) Σb1(
3
2
−
) Σb2(
3
2
−
) Σb2(
5
2
−
)
Λbpi 261.68 − − 11.54 11.54
Σbpi − 240.92 0.43 0.77 0.34
Σ
∗
b
pi − 0.49 214.45 0.45 0.69
Total 261.68 241.41 214.88 12.75 12.57
Experiments 31.0 ± 5.5 ± 0.7
IV. SUMMARY
In this work, we study the strong decay behaviors of the
newly observed two resonances Λb(6146)
0 [Σb(6146)
0] and
Λb(6152)
0 [Σb(6152)
0] by LHCb Collaboration. Given their
masses and decay modes, the two resonances can be tenta-
tively assigned as the λ− mode Λb(2S ), Λb(1D), Σb(2S ), and
Σb(1P) states. Their strong decay behaviors are calculated
with the quark pair creationmodel. Comparedwith the experi-
mental data measured by LHCb Collaboration, the Λb(6146)
0
and Λb(6152)
0 can be clarified into the Λb(1D) doublet rea-
sonably, while other canonical assignments are disfavored.
For the JP = 3/2+ state, the partial decay width ratios of
Σbpi and Σ
∗
b
pi channels are about 6, while the ratios are about
6 × 10−3 for the JP = 5/2+ state. This indicates that the
Σbpi channel may be hardly observed for the J
P
= 5/2+ state
experimentally. Together with experimental decay modes,
the Λb(6146)
0 and Λb(6152)
0 may favor the JP = 5/2+ and
JP = 3/2+ states, respectively. More experimental data on
masses, partial decay widths, and spins are needed to test our
present assignments. Other investigations of the low-lying
bottom states Λb(2S ), Σb(2S ), and Σb(1P) can also provide
helpful information for future experimental searches.
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